Objectives: Patients who have a liver transplant for primary sclerosing cholangitis may develop recurrent disease and biliary complications, organ loss necessitating revision liver transplant, or death. We evaluated long-term outcomes in patients who had liver transplant for primary sclerosing cholangitis. Materials and Methods: In 71 patients who had a liver transplant for end-stage liver disease because of primary sclerosing cholangitis, a retrospective review was done to evaluate biliary complicationfree survival, transplanted organ survival, and death. Human leukocyte antigen typing and matching were reviewed. Results: There were 39 patients (55%) who had biliary complications, loss of the liver transplant, or death at a mean 12.1 years after transplant. The 5-and 10-year event-free survival reached 74.6% and 45% (53 patients after 5 years, and 32 patients after 10 years). Male sex of transplant recipients was a significant risk factor for biliary complications, revision liver transplant, or death. Most patients had inflammatory bowel disease, primarily ulcerative colitis. The human leukocyte antigen profile or number of mismatches had no effect on complication-free survival. Conclusions: Biliary complications, revision liver transplant, and death are a useful combined primary endpoint for recurrent primary sclerosing cholangitis after liver transplant.
Introduction
Among diseases leading to orthotopic liver transplant, primary sclerosing cholangitis is associated with good long-term outcome. Although, overall 10-year patient survival after orthotopic liver transplant is approximately 70% (organ survival, 60%), 1 patients who have transplant for primary sclerosing cholangitis have patient survival 79% and organ survival 68%. Yet, primary sclerosing cholangitis can recur in 2% to 40% patients. 2 The varied frequency of recurrence results from differences in follow-up protocols and duration in different studies. Published criteria for recurrent primary sclerosing cholangitis are frequently used. 3 Disease-free survival ends with histologic proof of recurrent primary sclerosing cholangitis, with fibrous cholangitis, fibrous and stenosing lesions of the bile ducts with or without histologic proof of recurrent primary sclerosing cholangitis, with biliary fibrosis, or cirrhosis (Table 1) . In addition, cholangiographic findings on endoscopic retrograde cholangiography 4 or magnetic resonance cholangiography 5 have been used for diagnosis of recurrent primary sclerosing cholangitis.
After orthotopic liver transplant, recurrent primary sclerosing cholangitis may develop but sometimes the diagnosis may not be easily confirmed. Other syndromes may have comparable clinical findings, including irregular strictures of the biliary tree and repeated episodes of cholangitis that require endoscopic treatment. This may occur with ischemic type biliary lesions and ischemic biliary lesions associated with hepatic artery stenosis or thrombosis. 6 The diagnosis of ischemic type biliary lesions is based primarily on morphologic findings, but nonenhancement or hypoenhancement of the hilar bile duct walls during the arterial phase of contrast-enhanced ultrasonography may facilitate diagnosis and may have acceptable sensitivity and specificity. 7 However, the diagnosis may be difficult, and histopathologic features in routine biopsies may show either ischemic type biliary lesions or recurrent primary sclerosing cholangitis in 24% patients, with only approximately 50% patients having biliary morphologic alterations and stenosing bile ducts. 8 Furthermore, chronic rejection with vanishing bile ducts or ascending cholangitis after hepaticojejunostomy may clinically resemble recurrent primary sclerosing cholangitis. All these conditions have similar clinical presentation and treatment and may cause loss of the transplanted liver with either the need for revision transplant or death of the patient. 9 Risk factors for recurrent primary sclerosing cholangitis after orthotopic liver transplant include sex mismatch, 10 male sex, 11 steroid-resistant acute cellular rejection, 5, 12 and inflammatory bowel disease. After orthotopic liver transplant, up to 60% patients have progressive inflammatory bowel disease 13 and some patients develop de novo ulcerative colitis. Severe or de novo ulcerative colitis after orthotopic liver transplant is a risk factor for recurrent primary sclerosing cholangitis, and colectomy before orthotopic liver transplant may be protective against recurrent primary sclerosing cholangitis. 14 However, conflicting results have been reported. 15 Several human leukocyte antigen (HLA) loci have been linked to primary sclerosing cholangitis. [16] [17] [18] [19] [20] The HLA-C locus, a risk factor for primary sclerosing cholangitis, acts as a ligand for killer cell immunoglobulinlike receptors expressed on natural killer (NK) cells and some T lymphocytes and affects cytotoxicity. 18 The HLA-C alleles are grouped according to major killer cell immunoglobulinlike receptor epitopes C1 (which acts as a ligand for killer cell immunoglobulinlike receptor 2DL2/3) and C2 (which binds killer cell immunoglobulinlike receptor 2DL1). 19, 20 They differ at position 80 of the α1 helix that carries asparagine (C1) or lysine (C2) at this position. Although the interaction between C1 and killer cell immunoglobulinlike receptor 2DL2/3 weakly inhibits NK cells, the interaction between C2 and killer cell immunoglobulinlike receptor 2DL1 strongly inhibits NK cells, and C2 expression is reduced in patients who have primary sclerosing cholangitis compared to control subjects. 21 Recurrent primary sclerosing cholangitis after orthotopic liver transplant is associated with HLA-DRB1*08 (DR8) but not with DR3-and DQ2-heterozygosity or DR6. 22 In contrast with the first occurrence of primary sclerosing cholangitis, 23 there is controversy about the effect of human leukocyte antigen disparity between donor and recipient on recurrence of primary sclerosing cholangitis. The risk of recurrent primary sclerosing cholangitis is increased by mismatch at the A locus and decreased by mismatch at the DR locus. 12, 24, 25 The effect of HLA-C on liver transplant is controversial. Although the HLA-C2 genotype of donors may positively affect chronic rejection and graft cirrhosis, 26 there is no effect of HLA-C2 genotype on long-term outcome. 27 Although patients who have liver transplant for primary sclerosing cholangitis may have good longterm survival, there is potential morbidity for biliary complications, especially in young patients who often have minor comorbidities. European and American patients who have primary sclerosing cholangitis typically are aged 47 ± 14 years and have mean Model for End-Stage Liver Disease score of 15 ± 8. 28 It may be difficult to determine the correct diagnosis because of clinical similarities between recurrent primary sclerosing cholangitis, ischemic type biliary lesions, ischemic biliary lesions, and chronic rejection. Therefore, we focused on biliary complications after orthotopic liver transplant as the primary endpoint for disease-free survival. Although all biliary complications may compromise patients equally, anastomotic strictures must be excluded because these strictures may be caused by technical problems during transplant and not systemic disease (Figures 1-3) . Patients were evaluated for biliary complicationfree, liver transplant, and patient survival. Patients who had biliary complications, revision orthotopic liver transplant, or death were compared to patients who had no complications.
Postoperative treatment
All biliary interventions for causes except anastomotic strictures qualified as a biliary complication. These interventions included endoscopic retrograde cholangiography with dilation, removal of sludge, placement of a stent proximal to the anastomosis, and percutaneous transhepatic cholangiographic drainage. Patients who had intraductal cholangiocarcinoma diagnosed before orthotopic liver transplant or detected at explant were excluded from the analysis. Presence of other malignant diseases and relevant comorbidities after orthotopic liver transplant were recorded.
Protocol liver biopsies were obtained at 1, 3, 5, 7, and 10 years after transplant with patient agreement or for evaluation of suspected acute cellular rejection. Evaluation of suspected recurrent primary sclerosing cholangitis included magnetic resonance cholangiography combined with liver biopsy. Laboratory studies during the first 21 days after transplant included aspartate aminotransferase, alanine transaminase, total bilirubin, gamma-glutamyl transpeptidase, and alkaline phosphatase. During follow-up, frequency of laboratory testing was decreased from twice weekly during the first 2 postoperative months to once monthly after 4 months, but more frequent testing was done in patients who had clinical problems or elevated test results.
Acute cellular rejection and immunosuppression
Rejection episodes were diagnosed by liver biopsy according to established histologic criteria. 29 Acute cellular rejection (Banff grade ≥ 1) was treated with methylprednisolone (1 g, intravenous, for 3 days), and steroid-resistant rejection (diagnosed after repeat biopsy) was treated with muromonab-CD3. Usually steroids were tapered within 3 months and initial immunosuppressive therapy included tacrolimus or cyclosporine, as well as mycophenolate mofetil or azathioprine in several patients.
Inflammatory bowel disease
The features of inflammatory bowel disease were recorded including diagnosis, duration of disease before orthotopic liver transplant, course after orthotopic liver transplant including number of hospital admissions, type of bowel surgery before and/or after orthotopic liver transplant, progression of disease, and the need for steroid treatment. Patients had annual surveillance with colonoscopy (and esophagogastroduodenoscopy for Crohn disease).
Human leukocyte antigen type
The human leukocyte antigen type was determined serologically with lymphotype trays (ABC 144 Italia, Bio-Rad, Munich, Germany). Lymphocytes were isolated by Ficoll gradient centrifugation, and lymphocyte suspension (1 μL) was added to the wells of the typing trays. After incubation (30 min), rabbit complement (5 μL) (Bio-Rad, Munich, Germany) was added and the trays were incubated for 70 minutes at room temperature. Cells were stained (FluoroQuench vital stain, One Lambda, Canoga Park, CA) and analyzed with a fluorescence microscope. Complete human leukocyte antigen type determination was possible for 61 recipient-donor pairs for HLA-A and HLA-B and for 57 recipientdonor pairs for HLA-DR; however, type HLA-DQ could not be determined in most donors and recipients and was not assessed for mismatching frequencies in this study. Each patient was examined for the number of mismatches at any locus (HLA-A, HLA-B, and HLA-DR), and the total numbers of mismatches per individual for all loci together (except HLA-C) were grouped as 0 to 2, 3 to 4, or 5 to 6 mismatches. Determination of HLA-C type was available for only 31 recipientdonor pairs and not available for 20 donors and 27 recipients; the HLA-C alleles were grouped according to major killer cell immunoglobulinlike receptor-epitopes C1 and C2 and results were evaluated for the effect of donor and recipient genotype on complications. The human leukocyte antigen characteristics of patients were analyzed for pretransplant primary sclerosing cholangitis and recurrent primary sclerosing cholangitis after orthotopic liver transplant.
Statistical analyses
Data analysis was performed with statistical software (SPSS, version 17.0, IBM Corporation, Armonk, NY). Data were reported as mean ± standard deviation unless noted otherwise. Frequencies of patient and graft survival were calculated with the Kaplan-Meier method. Continuous variables with gaussian distributions were compared by t test. Categorical variables were compared with chi-square test. Statistical significance was defined by P < .05.
Results

Patient and organ survival
In the 71 patients who had liver transplant for primary sclerosing cholangitis, there were 11 patients who had late revision liver transplant, mostly because of biliary complications (Table 2) . Death was most frequently caused by malignancy or organ failure (Table 2) .
Survival without biliary complication, revision liver transplant, and death
There were 53 patients (75%) who survived without biliary complication at 5 years after transplant, and 32 patients (45%) at 10 years after transplant. There were 39 patients (55%) who had biliary complications, revision liver transplant, or death at a mean 12.1 years after transplant. Biliary interventions included endoscopic retrograde or percutaneous transhepatic cholangiography in 27 patients for diagnosis and treatment of nonanastomotic stenoses including ischemic type biliary lesions, and 9 patients had endoscopic retrograde cholangiography for anastomotic problems that were not classified as a biliary complication. In the 27 patients who had biliary interventions for nonanastomotic stenoses, there were 20 patients who were diagnosed with recurrent primary sclerosing cholangitis, usually with a combination of methods including endoscopic retrograde or percutaneous transhepatic cholangiography, magnetic resonance cholangiography, and biopsy; in the other 7 patients who had a diagnosis of cholangitis, ischemic type biliary lesions, or ischemic biliary lesions, 5 patients died during follow-up and 2 patients were alive, were diagnosed with ischemic type biliary lesions or cholangitis by endoscopic retrograde cholangiography, and did not develop recurrent primary sclerosing cholangitis. In 1 patient, the diagnosis of recurrent primary sclerosing cholangitis was made on routine biopsy without previous biliary complication. Most patients had > 1 biliary intervention (total, 57 biliary interventions). There were 13 revision liver transplants performed in 11 patients (Table 2) , and 9 patients were alive at follow-up. In 6 patients, the diagnosis of recurrent primary sclerosing cholangitis was confirmed in the explanted liver graft at revision transplant. There were 16 patients who died during follow-up and 39 patients who had a biliary complication, revision liver transplant, or death ( Figure 4 ).
Inflammatory bowel disease
Most patients had inflammatory bowel disease, primarily ulcerative colitis (Table 2) . Before liver transplant, 3 patients who had ulcerative colitis had undergone total colectomy (Table 2) . After orthotopic liver transplant, no patient was newly diagnosed with ulcerative colitis, but 11 patients had ulcerative colitis that progressed and necessitated hospital admission for bowel surgery (6 patients) or steroid
Figure 4. Distribution of Patients After Liver Transplant for Primary Sclerosing Cholangitis
Flow chart showing patient distribution. The 39 patients who had biliary complications, revision liver transplant, or death were grouped as patients alive or dead; some patients had > 1 biliary complication. There were 32 patients who had no biliary complications, revision liver transplant, or death. There were 12 patients excluded from the study. treatment (4 patients). After orthotopic liver transplant, 3 patients had colectomy (Table 2 ) and 4 patients had other bowel operations (closure of ileostomy, 3 patients; completion of ileoanal pouch anastomosis, 1 patient). (Table 3) . Most patients had ≥ 1 episode of acute cellular rejection that was treated with methylprednisolone bolus, but frequency of rejection was similar between groups that had or did not have biliary complications, revision liver transplant, or death (Table 3) .
Risk factors for biliary complications
Male sex of transplant recipients was a significant risk factor for biliary complications, revision liver transplant, or death (Table 3). Mean time from liver transplant to development of biliary complications, revision liver transplant, or death was significantly greater for female than male patients (Table 3). There were no differences between patients who had or did not have biliary complications, revision liver transplant, or death for other variables evaluated, including donor or recipient age, cold ischemia time, donor sex, autoantibodies, transplant type, biliary anastomosis type, preservation injury grade, postoperative acute cellular rejection, immunosuppressive regimen, or colectomy
Human leukocyte antigen prevalence and matching
The prevalence of HLA-DR3, HLA-DR6, heterozygous DR3, DQ2 haplotype, and HLA-B8 was similar between patients who had or did not have biliary complications, revision liver transplant, or death (Table 4 ).
In the evaluation of mismatches between donor and recipient for HLA-A, HLA-B, or HLA-DR, the frequency of recipients with 0 or 1 mismatch compared with 2 mismatches for each locus was similar between the groups (not significant), and the ; not significant). Therefore, the presence and number of mismatches had no effect on biliary complications, revision liver transplant, and death or acute cellular rejection episodes in patients who had liver transplant for primary sclerosing cholangitis.
For HLA-C, most donor-recipient pairs (21 of 31 transplants) had mismatches on both C1 and C2 alleles ( Table 5 ). Only 1 patient who had biliary complications, recurrent liver transplant, or death had no mismatches and 4 patients who had biliary complications, recurrent liver transplant, or death had 1 mismatch. Therefore, the number of mismatches of HLA-C alleles was similar in patients who had or did not have biliary complications, recurrent liver transplant, or death.
Recipients who had ulcerative colitis were mostly homozygous for the C1 allele (20 patients), occasionally heterozygous for C1 and C2 (6 patients), In 20 recipients diagnosed with recurrent primary sclerosing cholangitis after liver transplant, 6 patients were homozygous for the C1 allele. In the 35 recipients who were treated for acute cellular rejection, HLA-C typing showed that 19 patients were homozygous for the C1 allele, 1 patient was homozygous for C2, and 5 patients were heterozygous. There were 6 patients who had acute cellular rejection who had 0 or 1 mismatch at the HLA-C locus, and donor typing showed 12 donors who were homozygous for C1 and 14 donors who were homozygous for C2. There was no effect of HLA-C type on the presence or absence of biliary complications, recurrent liver transplant, or death. None of the 11 patients who had revision liver transplant had 0 or 1 mismatch. In 5 patients who had revision liver transplant, grafts received were homozygous for C2. The presence of ≥ 1 C2 allele in the donor had no effect on development of biliary complications, recurrent liver transplant, or death.
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Discussion
Long-term outcome after orthotopic liver transplant has improved during recent years because of improved surgical technique and immunosuppressive therapy. The actuarial 10-year patient survival in the present series of 71 patients who had liver transplant for primary sclerosing cholangitis was 79% after exclusion of patients with known cholangiocarcinoma, and the 10-year organ survival was 68%. This is comparable to other published studies with a 10-year patient survival of 76%. 12 Although patients receiving liver transplant for primary sclerosing cholangitis usually have good long-term survival, they have the risk of disease recurrence and other complications after liver transplant. The frequency of recurrent primary sclerosing cholangitis varies because of differences in duration of follow-up and protocols to detect biliary strictures between different studies. 2, 7, 30, 31 The definition of recurrent primary sclerosing cholangitis usually is based on published criteria 3 including biopsy and cholangiographic findings. 4, 5 In selected cases, partial resection of liver graft tissue that has limited biliary injury may be possible to prevent complete loss of the transplanted liver and revision transplant. 32 In addition, revision transplant and death were primary endpoints. Using this definition, the overall 10-year complication-free survival was 45%.
Risk factors for recurrent primary sclerosing cholangitis have been studied extensively and varied results have been reported. A previous study showed that male sex was associated with worse outcome. 11 In the present study, a significantly worse outcome was observed in male transplant recipients; male recipients had significantly more biliary complications, revision liver transplant, or death, and the time from transplant to complication was significantly shorter for male recipients (Table 3) . Another previous study showed sex mismatch between donor and recipient as a risk factor for disease recurrence. 10 In the present patients, sex mismatch had no effect on survival without biliary complications.
The disease course before orthotopic liver transplant, such as a shorter and more aggressive disease course before liver transplant, had no significant effect on biliary complications after orthotopic liver transplant. Donor or recipient age, cold ischemia time and preservation injury, or type of transplant or biliary anastomosis did not cause any difference between patients who had or did not have biliary complications (Table 3) .
Steroid-resistant rejection, 5, 33 and treatment with muromonab-CD3 are risk factors for the recurrence of primary sclerosing cholangitis after orthotopic liver transplant. In the present patients, we found no effect of acute cellular rejection on recurrent primary sclerosing cholangitis, and the number of steroidresistant episodes of rejection that necessitated antibody treatment was not different between the groups (Table 3 ). However, the overall incidence of acute cellular rejection was high, with 63% recipients having ≥ 1 rejection episode and 7 patients diagnosed with chronic rejection. Although 14 patients in our cohort with acute cellular rejection had received grafts from donors homozygous for the C2 allele, most recipients were homozygous for the C1 allele. In the 11 patients undergoing revision transplant, 5 patients had initially received donor grafts that were homozygous for C2. The presence of ≥ 1 C2 allele in grafts of 33 patients caused no significant effect on complication-free survival in the present patients. A previous study showed an effect of HLA-C on chronic rejection and graft loss. 26 The HLA-C alleles may be important as ligands for killer immunoglobulinlike receptors. These receptors are present on NK cells and some T lymphocytes and may affect cytotoxicity. The HLA-C2 allele causes stronger inhibition of NK cells than HLA-C1 alleles. The presence of ≥ 1 C2 allele in donors reduced the risk for chronic rejection, graft cirrhosis, and eventually graft loss in a previous study. 27 The effect of acute cellular rejection on recurrent primary sclerosing cholangitis may reflect the interaction between graft and host immune response and the possible effect of immunosuppression. 34 It is unknown whether current immunosuppression given to patients who have primary sclerosing cholangitis is inappropriate and ineffective or whether acute cellular rejection and steroid-resistant rejection may require different treatment options. At our institution, the immunosuppressive protocol varies. Approximately 50% patients received a protocol based on tacrolimus and 37% received a protocol that included azathioprine. No effect of immunosuppressive protocol on biliary complicationfree survival was detected, and the immunologic stress in the present patients and high frequency of acute cellular rejection may be affected by other factors than the immunosuppressive protocol. Nevertheless, prospective studies are needed to evaluate immunosuppression, and these studies may improve the frequency of acute cellular rejection and outcome.
Most patients with primary sclerosing cholangitis also are diagnosed with inflammatory bowel disease, primarily ulcerative colitis, and bowel inflammation may affect liver graft and patient survival. There is controversy about the concept that colonic inflammation may be a risk factor for recurrent primary sclerosing cholangitis after orthotopic liver transplant. In the present patients, there was no effect of timing of colectomy or presence of an intact colon on the development of recurrent primary sclerosing cholangitis. Progression of ulcerative colitis was observed in 11 patients after liver transplant, including 4 patients treated with steroids, but no association with recurrent primary sclerosing cholangitis was demonstrated. One study suggested that total colectomy before orthotopic liver transplant may have a protective effect on disease-free survival in patients who have primary sclerosing cholangitis. 14 This concept supports the hypothesis that a leak of bacterial toxins from the inflamed colon may cause recurrent primary sclerosing cholangitis. 35 On the other hand, the homing of gut mucosal memory lymphocytes to the liver may be the cause for primary 36 and recurrent primary sclerosing cholangitis because liver disease may develop even in the absence of active inflammation of the gut. Others have shown a negative effect of steroids, given for acute exacerbation of ulcerative colitis or as maintenance therapy, on recurrent primary sclerosing cholangitis and postulated that steroids mainly reflect ulcerative colitis activity and not graft dysfunction. 12 In the present study, neither acute cellular rejection, treated with steroids or muromonab-CD3, nor steroids for active ulcerative colitis affected biliary complication-free survival. Further study is required to evaluate the possible link between ulcerative colitis and primary sclerosing cholangitis and the effect of an intact colon at the time of transplant.
Many transplant recipients with ulcerative colitis are homozygous for the C1 allele. In the present study, 20 transplant recipients who had ulcerative colitis were homozygous for the C1 allele, 1 patient was homozygous for the C2 allele, and 6 patients were heterozygous. HLA-C typing of donors showed that 11 donors were homozygous for C1, 7 donors were homozygous for C2, and 7 donors were heterozygous. All grafts that were homozygous for C2 were transplanted to recipients homozygous for the C1 allele. Therefore, most present patients who had primary sclerosing cholangitis and ulcerative colitis carried the C1 allele, consistent with the hypothesis that inflammation of the liver is linked to aberrant homing of mucosal T cells from the colon. 37 Several human leukocyte antigen haplotypes have been associated with primary sclerosing cholangitis. The HLA-DR3 (HLA-DRB1*0301-DQA1*0501-DQB1*0201) and HLA-DR6 (HLA-DRB1*1301-DQA1*0103-DQB1*0603) may cause an increased risk of developing primary sclerosing cholangitis. 38 Furthermore, the heterozygous DR3, DQ2 haplotype is linked to an accelerated progression of primary sclerosing cholangitis. 17 In patients negative for DR3, DQ2 the presence of the DR6 haplotype is linked to delayed disease progression. These findings have been confirmed by others who showed that additional microsatellite markers may increase the risk of developing primary sclerosing cholangitis in patients who have the DR6 haplotype. 39 In our patients, HLA-DR3 and HLA-DR6 had no effect on biliary complication-free survival. The DR3, DQ2-haplotype was equally distributed between the groups in the present study. Only 2 patients negative for DR3, DQ2 were typed positive for HLA-DR6, and both patients had biliary complications, in contrast with previously published results. 39 The HLA-B8 haplotype has been associated with the development of primary sclerosing cholangitis in patients with ulcerative colitis. 16 The extended B8, DR3 haplotype including particular MICA and MICB alleles are associated with an elevated risk for developing primary sclerosing cholangitis. 17 In accordance with this observation, we detected a high prevalence of the B8 haplotype in our transplant recipients (52%), but there was no statistically significant difference between the groups. The combined B8, DR3 haplotype was identified with low prevalence in both recipients and donors, but recipients and patients with donor organs positive for B8, DR3 were exclusively found in the group with biliary complications. The 1 patient positive for HLA-B8, DR3 who received an organ with the same genetic composition experienced 2 early episodes of acute cellular rejection but died within 3 months because of cardiac failure. Although the numbers of patients were too small for statistical validation, the haplotype distribution in our patients was typical for patients with primary sclerosing cholangitis, including a high incidence of B8 and DR3, DQ2. Furthermore, the B8, DR3 haplotype was only detected in patients experiencing recurrent primary sclerosing cholangitis after orthotopic liver transplant. Only 1 human leukocyte antigen haplotype (DR3) may be related to recurrent primary sclerosing cholangitis after orthotopic liver transplant, and DR3, DQ2 or DR6 may not be linked to recurrent primary sclerosing cholangitis. 22 The DR8 haplotype was not present in our cohort.
There is controversy about the effect of human leukocyte antigen matching on outcome after orthotopic liver transplant in patients who have primary sclerosing cholangitis. In the present patients, the distribution of patients with 0 or 1 compared with 2 mismatches at individual loci was equal for those with or without biliary complication, recurrent liver transplant, or death. For all 3 loci, none of the patients displayed < 3 mismatches. Although approximately twice as many patients displayed 5 or 6 mismatches (complete disparity between donor and recipient), mean time to a biliary complication was similar in these patients and patients who had 3 or 4 mismatches. The proportion of patients who had biliary complications also was evenly distributed. The number of rejection episodes was similar between patients who had 3 to 4 or 5 to 6 mismatches. None of the present patients had complete compatibility between graft and recipient, but the total number of mismatches had no effect on time to complication or outcome. Although a previous study found no effect of human leukocyte antigen mismatches at any locus on patient outcome, another study showed that mismatch between donor and recipient at the A locus significantly increased disease recurrence, and mismatch at the DR locus conferred decreased risk for recurrent primary sclerosing cholangitis. 12, 27 Another study showed significantly decreased graft survival in the presence of 0 or 1 mismatch compared with 2 HLA-DR mismatches, with decreased risk for developing recurrent primary sclerosing cholangitis with 2 HLA-DR mismatches. 26 It has been hypothesized that human leukocyte antigen mismatching may act beneficially by decreasing the effects of immunologic mechanisms associated with disease recurrence in patients transplanted for autoimmune diseases. 40 The human leukocyte antigen mismatching at all loci positively affects patients transplanted for autoimmune hepatitis, 41 and a negative effect of DR mismatching has been noted on graft survival in patients with autoimmune hepatitis. 42 Living-related liver transplant may be associated with an increased risk of developing recurrent primary sclerosing cholangitis, in support of the hypothesis that human leukocyte antigen mismatching may have a positive effect on disease recurrence. 43, 44 Although living donor transplant may have advantages in timing and neoadjuvant protocols in patients who have cholangiocellular carcinoma, there may be an increased risk for developing recurrent primary sclerosing cholangitis. In contrast, mismatching may be associated with increased risk of graft rejection and allograft dysfunction, especially in patients who have liver transplant for other liver diseases, and this may outweigh the positive effects of mismatching on autoimmune mechanisms.
In conclusion, the present study analyzed risk factors for biliary complication-free survival after liver transplant. Genetic predisposition seems to be an important contributor to biliary complications and recurrent primary sclerosing cholangitis after liver transplant. Further study of the effect of human leukocyte antigen typing and matching on outcomes in more patients may be helpful. The effect of immunosuppression and genetic specificities may be associated with outcome and favor approaches such as individually-tailored immunosuppressive protocols or organ distribution that is tailored to the human leukocyte antigen profiles of donor and recipient.
